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INTRODUCTION
Since 2011, Germany's public finances have continuously benefitted from record tax revenues due to a robust economic performance and a solid development of the labour market. Labour market participation and the workforce increased during this time, yielding a plus of about two million employees by 2015. Accordingly, tax revenue from wages and incomes increased massively, putting Germany's public finances in a comfortable budgetary situation. The German budgetary situation yielded surpluses, which eventually reduced the public debt-to-GDP ratio. Since the good economic performance and development of the labour market are expected to last for the next few years especially due to high net immigration, the European Commission (2016) evaluated Germany's situation with respect to fiscal sustainability as being of low risk.
Recent developments regarding the migration of refugees to Germany have contributed to a growing working-age population. In 2015, Germany experienced a net immigration of about 1.1 million people. While about 2 million foreigners immigrated, roughly 0.9 million foreigners emigrated (Federal Statistical Office, 2016) . Since this trend is expected to continue in the next years, if to a lower extent, the population projection of the Cologne Institute of Economic Research (IW) predicts a rise in the total population from 82.5 million in 2016 to nearly 84 million in 2024 (Deschermeier, 2016) . This projection incorporates continuously high immigration, including an update on the expected number of refugees. It also accounts for refugees going back to their country of origin after a couple of years.
A somewhat different picture is given by the population projection for the time after 2024. Then, the ageing process of society will not be compensated by immigration and demographic changes will reduce the total population year by year. Between 2025 and 2035, the population is expected to shrink by over 700,000 persons (figure 1). This still means a population level above the current value but a steady decline from 2014 onwards. However, due to the higher immigration assumed in the projection by IW, it differs from earlier projections, e.g. from Bachmann et al. (2013) or the Federal Statistical Office (2016) , that predict a shrinking population in the short run.
FiGure 1 Population projection for Germany (number of inhabitants in millions)
39. Source: Deschermeier (2016 ), Federal Statistical Office (2015 .
If the focus is placed on the level of total population, the impact and consequences of demographic changes on the economy might be inadequately assessed. The working-age population, which is defined as people from 20 to 64 years, will grow almost at the same rate as the total population within the next years. While the total population will rise by 1.5 million people (+1.7 per cent) until 2024, the working-age population will grow by 0.7 million to a total of 50.8 million persons (+1.5 percent). This increase has two reasons. Firstly, the statutory retirement age will be shifted from 65 to 66 in the year 2024 and secondly, the immigrants coming to Germany are predominantly attracted by the positive employment perspectives and, therefore, belong to the working-age group. Even if the process of integrating immigrants and especially refugees into the labour market succeeds only slowly, immigration is expected to raise the number of employees. While the productivity of working refugees is supposed to be lower in the short run, it is assumed to be comparable to that of the original population in the long term.
In the long run, the effect of the ageing population is somehow undetermined. The old-age dependency ratio, which means the number of people in retirement age of 65 and above as a percentage of people between the ages of 20 and 64, will rise from 34 per cent in 2013 to 55 per cent in 2035 according to the prediction of the Federal Statistical Office (2015) in its scenario "Continuity with high immigration". In the underlying study assessed with the IW projection, the ratio will rise to 52.6 per cent in 2035. If the old-age dependency ratio is defined with a starting age of 67 instead of 65 for the elderly, the value is 45 per cent for 2035 according to the IW projection, while the Federal Statistical Office estimates it to be equal to 74 47 per cent. The ratio will be driven by the retirement of the baby boom generation, i.e. in Germany, the birth cohorts between 1955 and 1969, from 2020 onwards.
In this study, the population projection by IW forms the input data for a static ageing approach of representative micro data of the German Socio-Economic Panel (GSOEP). In combination with a microsimulation model that simulates income tax, it is possible to predict the effect of demographic change on income structure and tax revenue. This approach has been applied in the literature; see for example Peichl, Pestel and Schneider (2012), who take a retrospective look at changes in the population structure and evaluate the effect on income distribution. De Blander et al. (2013) also use a population projection for their static ageing model and investigate the income distribution and the interaction with the tax-benefit system in Flanders.
LABOUR MARKET AND FISCAL BUDGET
While the population structure in the IW projection is given for every year by age and gender from 2016 to 2035 (Deschermeier, 2016) , assumptions have to be made with respect to the labour market participation. We start with the assumption of a constant unemployment rate of 4.6 per cent from 2017 onwards according to the definition of National Accounts. Breaking down labour market participation by age group and gender, we base our modelling on the latest available information from 2014 of the microcensus (Mikrozensus). This provides a consistent data base for the weighting factors of the GSOEP data because the population projection by age and gender is based on enhanced census information. Keeping the participation rates constant over the time frame would be an unrealistic scenario because of recent trends: a law shifting the statutory retirement age from 65 years to 67 years was passed in 2007. This shift is to be implemented as a steady procedure ending in 2031, when the statutory retirement age will be 67 years for all new retirees. Since the shift started in 2012, increasing labour market participation rates have been observed for people aged 65 and older. We expect that this trend will continue and therefore anticipate slightly increasing participation rates for the older age groups. Starting with a participation rate of 8.7 per cent for men aged 65 and older in the year 2014, we end up with a rate of 10.4 per cent in 2035. For women in the same age group, the participation increases from 4.0 per cent to 7.0 per cent. The increased participation of the elderly is supposed to spill over to the age groups below, ending in the group from 45 years old upwards. The increase is relatively higher for women assuming a sustained trend of higher labour market participation of women in general (table 1) . In summary, the underlying scenario can be seen as a rather optimistic one with a robust labour market and continuing trends in participation. Table 1 shows the population structure in the base year 2016 as well as in 2024 and 2035. While the total population is supposed to grow in the following years and is expected to lie above the 2016 value in the year 2035, the working population is expected to decline in the same period. This development would have implications for the social security system, which are discussed and simulated in the literature on a broad scale (e.g., Deutsche Bundesbank, 2016; Kochskämper, 2016 ). An increase in the number of people in retirement combined with a decline of the working population will naturally put pressure on pay-as-you-go systems like the German statutory pension system or the health system (Dolls et al., 2015) . The relationship between demographic change and tax revenue has been rather disregarded in the literature, with few exceptions (e.g., Decoster, Flawinne and Vanleenhove, 2014). Bach et al. (2002) conclude that the social security system will be more strongly affected by demographic changes than tax revenue.
However, the consequences of an ageing society on incomes, tax base and tax revenue should not be underestimated. A significant share of the social security system is financed via taxes, which results in considerable interdependencies. The statutory pension system was subsidised by nearly 90 billion euro in the year 2016, a sum that comes from the federal budget. The ministry of finance expects it to increase to more than 100 billion euro in 2019. Additionally, civil servants' pensions are completely financed by taxes. The public expenses for civil servants' pensions will increase due to demographic changes in the next few decades (Hentze, 2015) . A closer look at tax revenue is worthwhile due to the relationship between the public budget and the social security system. The less martin beznoska and tobias hentze: demographic change and income tax revenue in germany: a microsimulation approach public sector economics 41 (1) 71-84 (2017) 76 the fiscal space in the future, the more important will be additional structural changes in the tax system. German personal income tax applies a progressive tax scale on the sum of total income, which incorporates all sources of market income and pension income. An exception applies for capital income, which is taxed at a constant rate of 25 per cent. The revenue from income tax including the tax on capital income was about 280 billion euro in 2016, constituting 40 per cent of the total tax revenue in Germany. An important reform of the personal income tax for this analysis was implemented in 2004 -the Retirement Income Law (Alterseinkünftegesetz). The income tax law was reformed by shifting the tax liability from contributions for the statutory pension system to the received retirement incomes. Precisely, the tax-exempted share of contributions continuously increases year by year while the taxable share of old-age income is taxed to a growing extent. The deferred taxation reform will be fully implemented by the year 2040.
MICROSIMULATION APPROACH AND DATA
The effect of demographic changes on income tax revenue is simulated in a microsimulation model. The tax and benefit microsimulation model of IW ("STATS"; see Beznoska, 2016 ) uses the latest data from GSOEP. The GSOEP data is a panel with 30,000 persons in nearly 16,000 households with its current wave from 2014 and provides rich information on income and social-economic characteristics of a representative German population. This information is available on an individual as well as on a household level and enables a detailed simulation of income tax.
To simulate the effect of demographic changes, the population is firstly re-weighted and uprated from 2014 to 2016. This is done by adjusting the weighting factors according to the new population, which comes from the external data described above from census and microcensus. The 2016 population is derived from the uprated census 2011 data, which also forms the base of the IW population projection. The adjustment of the weighting factors includes age group, gender and labour market participation according to the given marginal distributions. The uprating from 2014 to 2016 of the income information in the data set is done differentiated by wage, pension and profit income with factors derived from the National Accounts.
Based on this status quo for 2016, the population is re-weighted according to the population projection to "age" the data. This re-weighting or static ageing of the data yields the marginal distributions, which are shown in table 1. It is technically similar to the approaches in the literature (see e.g., Peichl, Pestel and Schneider, 2012; De Blander et al., 2013).
The re-weighted data are used to simulate the income tax implying an unchanged policy framework. All tax law parameters are kept constant except for future changes that have already passed into law. This affects the deductibility of statu- 
which are taken into account in the simulation. The individual incomes are fixed on the 2016 level and no growth is assumed, meaning that all results are in real terms of 2016. The modelling also abstracts from productivity changes in the time frame. Thus, all results are solely driven by the demographic changes. The idea is not to construct a realistic future scenario including a prediction of future tax revenue but to isolate the effect of demographic changes on tax revenue in the simulation. Behavioural changes are also neglected.
Besides the base year 2016, we select the years 2024 and 2035 as points in time for the simulation. The year 2024 is selected for two reasons. Firstly, in the course of shifting the statutory retirement age from 65 years to 67 years, the transition to 66 years will be completed in 2024. Secondly, the year 2024 will mark the maximum of total population in the projection. The year 2035 is selected because it marks the end of the IW population projection where the baby boomers will have almost completely retired.
UNCERTAINTIES IN THE STATUTORY PENSION SYSTEM
A critical assumption regarding income tax revenue is the development of the average retirement income in the statutory pension system. There are three policy parameters in the statutory pension system: the contribution rate, the level of average pension income and the statutory retirement age. It is somehow unclear how these three parameters will be adjusted in the future. Therefore, we take the contribution rate and the transition to a retirement age of 67 years until 2031 as fixed. However, the number of retirees and therefore of pension payments will rise in the simulation in spite of the higher labour market participation of the elderly. This will lead to a financial shortfall in the statutory pension system, which has to be solved via assumptions. The Germany statutory pension system is pay-as-you-go financed, meaning that pension payments are directly financed by the contributions of the working population.
Firstly, we keep the ratio of the sum of contributions to the sum of pension payments, as measured in the data for 2016, constant for the simulations of the future. This basic approach helps to minimise the assumptions about future pension politics. Thus, it implies that pension incomes will be financed with a constant share by employee contributions, which results in a pension income cut if the contributions decline or the number of retirees increases. The distribution of employment patterns, that are crucial for the entitlement to pension income, is also kept constant with no structural changes over time.
Holding the share of contributions to pension incomes constant in the simulation implies an overall cut in pension income of over 9 per cent in 2024 and of over 27 per cent in 2035. This approach stands in conflict with the current law that protects the minimum pension level ( §154 SGB VI). The law sets the level of the standardmartin beznoska and tobias hentze: demographic change and income tax revenue in germany: a microsimulation approach public sector economics 41 (1) 71-84 (2017) ised pension income in the future, which refers to a pensioner retired at the regular retirement age with 45 years of earning the average wage income. It says that in the year 2020 the projection of the ratio of standardised pension income to the average gross wage income is not allowed to lie below 46 per cent or below 43 per cent in 2030. In 2016, the ratio lies around 47.5 per cent and would drop in the simulation until 2024 and 2035 below the legislated values. To avoid this, we increase the pension income in the simulation to the minimum pension level. We further assume that the minimum pension level, which is only legislated for until 2030, also applies for 2035. This approach accrues an uncovered deficit of 9.5 billion euro in 2024 and of about 39 billion euro in 2035, which are then financed by an increase in the contribution rate (from 18.7 per cent to 22.5 per cent in 2035). As a result, we still end up with an effective pension cut of 4.6 per cent (11.5 per cent) in 2024 (2035) compared to the average pension income in 2016. The treatment of the pension income is rather a stylised updating than a prediction of the future's pension system and shall only enable the modelling of pension taxation. It has to be noted that changes in the average gross wage income are only endogenous to the static ageing of the population because the monetary values are kept in 2016 real terms without any growth.
RESULTS
Our simulation reveals an increase in the taxable income in the next years (table  2) . Aggregated wages will rise due to a higher number of employees. The same applies for pension income, indicating that the ageing of society is already in process. Total wage income will rise by 1 per cent in real terms until 2024, solely as a result of demographics. The expenses for the statutory pensions will be 5.5 per cent higher in 2024. Although taxable income will increase significantly, income tax will decrease because of the transition to deferred taxation. While employees can deduct a higher percentage of their pension contributions, the share of taxable pension income increases. However, the marginal tax rate of employees will be higher than that of retirees. Therefore, the progressive tax scale will yield an overall loss in income tax revenue. Thus, the average income tax burden will decrease below 16 per cent in 2024. After 2024, the total wage income will continuously decrease, while pension income will go sharply up. In spite of a constant unemployment rate, wage income will fall by nearly 90 billion euro per year by 2035.
The income tax revenue will almost remain at the same level in the near future, but decrease by around 7 per cent per year by 2035 compared to 2016. This corresponds to a minus of 18.4 billion euro in spite of a higher labour market participation of the elderly, which is driven by the effects of demographic change and transition to deferred taxation. The robust estimated confidence interval of 95 per cent lies between 15 billion euro and 22 billion euro and reflects the uncertainties of sampling as well as of the weighting factors. The revenue curve of the social security contributions is driven by the wage incomes but increases due to the higher modelled contribution rate of the statutory pension system in 2035. These numbers reflect the demographic changes in the short and medium term, which are accompanied by high net immigration. A special characteristic of these changes is observed by the decreasing amount of paid child benefit. This trend indicates an intensifying phenomena. Additionally, the decrease in wage income could have implications for other taxes, like indirect taxes. The shrinking number in the labour force is therefore expected to have a severe impact on public finances.
THE EFFECT OF DEFERRED TAXATION
Since the working population faces higher marginal tax rates than retirees, the transition to deferred taxation has significant implication for future tax revenue. Since 2005, taxation has continuously been shifted from statutory old-age provision towards pension income, which will be completed by 2040. This process only unfolds its magnitude over time letting the taxable share of pension income increase year by year to 100 per cent. If the retirement entry is before 2040, a fixed amount of the pension income is tax-exempted while future pension income growth has to be fully taxed. This transition to deferred taxation can be seen as a precautionary policy in expectation of the demographic change. As a result, the revenue from pension taxation will increase for two reasons: firstly, the number of retirees will increase and secondly, the share of taxable pension income will rise slightly over time.
However, the higher taxability of pension income comes along with a higher deductibility of statutory old-age provision, which will diminish the taxable income of employees. Since they will face on average higher marginal tax rates than retirees, overall tax revenue will decrease. This policy-induced revenue effect should be distinguished from the pure demographic effect. In figure 2 , the total effect is disaggregated into a deferred taxation and a demographic effect. The year 2030 is added for illustration purposes. The pure demographic effect is simulated by ageing the population and holding the tax law according to the 2016 legislation. Thus, the effect of the deferred taxation results from the difference between total and demographic effect.
The decomposition in figure 2 shows that without the transition to the deferred taxation, income tax revenue would be 4 billion euro higher in 2024, about 8 billion euro higher in 2030 and more than 10 billion euro higher in 2035. Initially, the pure demographic effect on the income tax would be positive because of the high net immigration. In 2024, the revenue would be over 3 billion euro higher than 2016. In the long run, the ageing of society would yield a significant decline. In 2030, the negative demographic effect would be nearly 3 billion euro lower than today -this is over 6 billion euro than in 2024. In 2035, the minus would be over 8 billion euro compared to today and nearly 12 billion euro compared to 2024. This means the revenue will shrink by about 3 per cent in the next 20 years solely due to demographic change. Compared to 2024 this drop will be more than 4 per cent within 11 years. Again, these numbers are in real terms of 2016. Source: GSOEP data v31, own calculation.
CONCLUSION AND POLICY OPTIONS
In this paper, we use the IW population projection to apply a static ageing approach on German micro data and simulate the income tax revenue with a microsimulation model for the future population.
In summary, the tax revenue in Germany can be expected to decrease significantly within the next 20 years as a result of two effects: firstly, the ongoing shift from pension contributions to pension benefits is supposed to diminish the overall tax martin beznoska and tobias hentze: demographic change and income tax revenue in germany: a microsimulation approach public sector economics 41 (1) 71-84 (2017) 81 revenue since pensioners pay on average lower taxes than employees. Secondly, the labour force is projected to diminish as a result of an ageing population even if net immigration continues as expected.
As a consequence, politicians have a time frame of about two election periods to build a more sustainable system against the background of demographic changes. If not, tax revenue might shrink by 18 billion euro on a price-adjusted level, i.e. not accounting for productivity growth. Increasing the retirement age to 67 years is already considered an eventual measure in this regard.
On the one hand, public finances will be more and more under pressure. On the other hand, employees will benefit from the fact that they can fully deduct their pension contributions from their taxable income (table 3) . In contrast, pensioners will likely pay higher taxes since year by year an increasing share of the pension payments will be taxed. The full amount will be taxable by 2040. Due to the anticipated decreasing tax revenue, the sustainability of public finances is at risk. The developments in the pension system are expected even to worsen the situation since demographic changes will accelerate. A common political response to this development would be an increase in tax rates. If so, even employees over 55 years would pay higher taxes than today and, thus, the benefit from deferred taxation would be overcompensated in this age group (scenario "revenue-neutral" in table 3). Only employees under 45 years would still benefit. Again, any behavioural adjustments are not considered. This is an important note since labour incentives worsen due to the higher tax burden. However, an increasing participation rate by older employees is essential in order to stabilise the whole system and it is a central assumption of the underlying analysis.
To avoid the negative effects resulting from a possible tax hike, politicians should think about alternative approaches. This is especially true as demographic changes will not stop by 2035 (Werding, 2013) . The German central bank -Deutsche
